turity. These three developmental stages were similarly eastern Nebraska to determine how environment (location, year, water described for pearl millet by Maiti and Bidinger (1981).
sorghum grain yield has been found to be less sensitive from 0.21-0.45) and kernel weight (R from 0.46-0.89; P from 0.46-to water stress than during GS2, and the lower yield 0.73) were associated with grain yield for both crops at both locations, reduction was largely due to reduced kernel weight but in the path analysis, kernel weight was more highly associated (Eastin et al., 1983) . Yield component studies with grain should consider all yield components, but increased emphasis on ker- Vanderlip, 1994) , border effects in strip intercropping nel weight is merited for grain sorghum. (Lesoing and Francis, 1999) and N application (Rajewski et al., 1991) ; kernels per panicle for weed competition (Limon-Ortega et al., 1998) , nonuniform stand establish-Y ield differences in agronomic crops are associated ment (Larson and Vanderlip, 1994) , row spacing and with kernel number (the product of panicles per plant population (Stickler and Wearden, 1965 ; M'Khaitir square meter and kernels per panicle) and kernel weight.
and Vanderlip, 1992) , delayed planting (M'Khaitir and Environmental factors such as temperature and avail- Vanderlip, 1992) , soil water storage differences (Norable water influence yield components (Evans and Wardwood, 1992) , and defoliation (Rajewski et al., 1991); and law, 1976) . Potential for yield compensation occurs kernel weight for environmental differences (Heinrich early in the plant life cycle through adjustment in Saeed et al., 1986; Rajewski et al., 1991) , row number of panicles per square meter and kernels per spacing and plant population (Stickler and Wearden, panicle. Variation in kernel weight allows for a degree 1965), and soil water storage differences (Norwood, of yield compensation late in the life cycle. Increases 1992). Yield component studies with pearl millet have in kernels per panicle and in kernel weight may help shown the number of panicles per plant to be the yield compensate for low plant populations or limited tillercomponent most associated with yield changes with ing. As a result of this compensatory power, grain yield plant population, but because of profuse tillering, the in cereals is relatively insensitive to plant population number of panicles per square meter may decrease (van (Anderson, 1986) ; however, this compensation is less Oosterom et al., 2002) or remain nearly constant (Carthan perfect in grain sorghum (Kiniry, 1988) and pearl berry et al., 1985; M'Khaitir and Vanderlip, 1992 ) with millet (Craufurd and Bidinger, 1989) .
increasing plant population. Panicles per square meter Eastin and Sullivan (1974) This research was conducted to determine the effect The treatment structure was a 4 ϫ 2 factorial at both locaof environment (year, location, water regime) on the tions. Factor one consisted of four water regimes chosen to yield components of grain sorghum and pearl millet, reflect the range of environments possible at both locations:
with the hope of identifying the yield component(s) of Great Plains production environments. The research two consisted of two crops: a pearl millet hybrid (68A ϫ 086R) focus was on western Nebraska where this experiment and an early maturing grain sorghum hybrid (DK 28E). These was conducted to determine the potential for pearl milwere the best-adapted hybrids available for the Sidney localet and grain sorghum as crops. The eastern Nebraska tion on the basis of performance tests. The experimental designs were different at the two locations becaue of a difference location provided a reference point for a region where in irrigation systems available at the two sites. At Sidney, grain sorghum is widely grown. Our hypotheses were where the irrigation system was a lateral-move system with that environment would alter those yield components drop-nozzle booms, the experiment was conducted as a ranthat are most closely associated with grain yield in pearl domized complete block design with four replications. Plot millet and grain sorghum, and that (i) under limited size was 9.1 m (12 rows 76 cm apart) wide and 9.1 m long with water stress, the number of panicles per square meter 3-m alleys between plots. At Mead, where a furrow irrigation would be the most important yield contributor for both system was used, the experiment was conducted as a randomcrops, (ii) since kernel number is set during GS2, irrigaized complete block design with a split-plot treatment arrangetion at boot stage would create conditions making kerment and four replications. The whole plot treatments were nels per panicle the most important contributor to grain four water regimes, and the split plot treatment was crop. Plot size was 6.8 m wide (nine rows 76 cm apart) and 9.1 m long.
yield for both crops, and (iii) with irrigation at mid-grain At Sidney, both pearl millet and grain sorghum were nofill, kernel weight would be the greatest contributor to till planted into wheat stubble on 8 June 2000 and 11 June yield for both crops.
2001. At Mead, the experimental area was disked before planting. Pearl millet and grain sorghum were planted on 1 June (ϩ41.2Њ, Ϫ130.0Њ, at 1317 m elevation). Soil at the site is a Keith silt loam (fine-silty, mixed, superactive mesic, Aridic for pearl millet in both years. All plant populations were within the recommended range for both crops at these locations. Argiustoll), and its chemical properties are presented in Table 1 . Available water capacities for the soil are 0.20 to Weed management involved the use of herbicides, cultivation, and hand hoeing. At Sidney, propazine [6-chloro-N,NЈ,-bis 0.23 cm cm Ϫ1 for the 0-to 25-cm depth, 0.18 to 0.22 cm cm Ϫ1 for the 25-to 58-cm depth, and 0.20-to 0.22-cm cm Ϫ1 for the (1-methylethyl)-1,3,5-triazine-2,4-diamine] was applied preemergence at 1.12 kg ha Ϫ1 . At Mead, atrazine [(6-chloro-58-to 152-cm depth (Borchers and Hartung, 1997) . Pearl millet and grain sorghum are not widely grown in this region at
MATERIALS AND METHODS
was applied pre-emergent at 1.12 kg ha Ϫ1 . When pearl millet reached the present but potential exists for production of both crops.
The eastern Nebraska experiment was conducted at the three-leaf stage, atrazine at 0.6 kg ha Ϫ1 plus 2.2 kg ha Ϫ1 of metolachlor [2-chloro-(2-ethyl-6-methylphenyl)-(2-methUniversity of Nebraska Agricultural Research and Develop- content to determine number of kernels per panicle and kernel weight. Grain yield and yield components were corrected to 140 g kg Ϫ1 water content by drying at 60ЊC for at least 48 h. Analyses of variance for grain yield and each yield component was conducted by the Mixed Models procedure of the SAS package as presented by Littell et al. (1996) and pooled across years since variances were similar on the basis of the F ratio test. Analyses were not combined across locations because of the use of different treatment arrangements, irrigation methods, plant populations, and the widely contrasting climatic conditions. Mean separation was done by PROC Mixed LSMeans P difference. Year, location, hybrid, and water treatments were all considered to be fixed effects.
Pearson correlations among yield and yield components were calculated using replicate values. Direct path coefficients Inst., 1994) using the model proposed by Dofing and Knight P 1 ϩ P 2 X 2 ϩ P 3 X 3 ϩ U 3 ; X 3 ϭ P 13 X 1 ϩ P 23 X 2 ϩ U 2 ; X 2 ϭ P 12 X 1 ϩ U 1 .
(1992; Fig. 1 ). Because of limited number of water regime observations, path analysis was conducted across water reoxy-1-methylethyl) acetamide] and 0.56 kg ha Ϫ1 of bentazon gimes only, giving n ϭ 28 at Sidney and n ϭ 32 at Mead. occurred in these two years. This is consistent with reGrain yields for pearl millet and grain sorghum were sults of Carberry et al. (1985) , M'Khaitir and Vanderlip lower in the more stressful, shorter growing season envi-(1992) and Mahalakshmi and Bidinger (1986) . Pearl milronments at Sidney than at Mead and in the more stresslet produced more kernels per panicle in 2001 than ful year 2000 than 2001 (Tables 3 and 4) . Grain yield in 2000 at both locations. In contrast, grain sorghum was higher for both crops at both locations in 2001 than produced a similar number of kernels per panicle across in 2000, but the grain yield increase was greater for years, but more panicles per square meter in 2001 than grain sorghum than pearl millet. In 2000 and 2001, averin 2000. Both crops produced lower grain yield and age pearl millet grain yields were 85 and 82% of sorlighter kernel weights at the more stressful, shorter ghum grain yields at Mead, while pearl millet yields growing season Sidney location than at Mead, except were 51 and 76% of sorghum grain yields at Sidney.
for pearl millet in 2001. Pearl millet produced more These lower pearl millet yields across environments as panicles per square meter and fewer kernels per panicle compared with grain sorghum confirm a recent report at Sidney than at Mead. In contrast, grain sorghum (Palé et al., 2003) that pearl millet does not have at produced a similar number of panicles per square meter present, adequate grain yield potential to replace grain and more kernels per panicle at Sidney than at Mead. sorghum as a grain crop in the Central Great Plains.
These data indicate that although grain yield responses The higher grain yields in 2001 than in 2000 (Tables to year and location were similar for both crops, the 3 and 4) were accompanied by an increase in kernel yield component changes differed between crops for years and locations. weight, except for pearl millet at Mead. Pearl millet 
Correlations
The pearl millet kernels per panicle association with grain yield is similar to those found by van Oosterom Pearl millet and sorghum grain yields were correlated et al. (2002), while the kernel weight association with with kernels per panicle and kernel weight for both grain yield was similar to that reported by Bidinger et crops at both locations and also with panicles per square al. (1987) but contrasted with results of Carberry et al. meter for grain sorghum at Sidney (Table 5 ). These (1985) who found kernel weight to be relatively constant. results for grain sorghum are generally consistent with
The number of grain sorghum panicles per square those of Rajewski et al. (1991) , although they found meter was correlated with kernel weight at both locakernel weight to have a higher correlation with yield tions but were negatively correlated in the less stressful than kernels per square meter. Saeed et al. (1986) found environment at Mead as previously found by Kiniry that the number of kernels per panicle was the major (1988) and were positively correlated in the more stresscontributing factor to grain sorghum yield across dryful Sidney environment (Table 5) . Also, the number of land production environments, but the relative imporgrain sorghum kernels per panicle was positively corretance of kernel weight increased with increasing night lated with kernel weight at Sidney but not at Mead. No temperature. Heinrich et al. (1985) concluded that grain relationship between the number of pearl millet panicles sorghum kernel weight contributed to yield stability in per square meter was found with either the number of low-yield environments and should be an objective of kernels per panicles or kernel weight at both locations. a breeding program for low input agriculture, while in This contrasts with Ong and Monteith (1985) who found this study, the correlation of kernel weight with grain yield was higher for the high yield environment at Mead. that reductions in pearl millet kernels per panicles due analysis across years and locations indicated that kernel per panicle and kernel weight were consistently associPath Analysis ated positively with grain yield, while panicles per Model multiple correlations across water regimes insquare meter was positively associated with grain yield dicated that the model used accounted for most of the only for grain sorghum at Mead. Path analysis indicated grain yield variation at Sidney but only approximately that kernel weight was particularly important for grain 50% of the variation at Mead (Table 6 ). Direct effects sorghum with P for direct effects on grain yield ranging were found for kernels per panicle and kernel weight from 0.39 to 0.48 more than other yield components. to grain yield for both crops, but kernel weight direct effects were much larger for grain sorghum than for Crop ϫ Water Regime Interactions pearl millet. A direct effect for panicles per square meter to grain yield was found at Mead for both crops but was Pearl millet grain yield was not increased by a single irrigation at the boot stage at either location (Tables 3 negative for pearl millet and positive for grain sorghum. This suggests that pearl millet, which prolifically tillers and 4), while a 67 and 119% increase in response to single irrigation at mid-grain fill, and multiple irrigations (Egharevba, 1977; Mahalakshmi and Bidinger, 1986) , had an excessive number of tillers that produced panitreatments was found at Sidney. At Mead, a single irrigation at mid-grain fill and multiple irrigations increased cles in this low stress environment and reduced yield, while sorghum grain yield would have benefited from a grain yield approximately 10%. Single irrigations at the boot or mid-grain-fill stages increased grain sorghum greater number of tillers producing panicles. Egharevba (1977) found that reducing pearl millet productive tillers yields approximately 50% at Sidney and 15% at Mead, while multiple irrigations increased grain yield by 100% per plant from 10 to 3 or 5 increased grain yield by 15 to 30%. Limited yield compensation was found in this at Sidney and 27% at Mead. Grain yield responses of both crops to multiple irrigations was similar at Sidney, study, as indicated by the small number of indirect effects present. However, grain sorghum indirect effects while grain sorghum had a greater grain yield increase at Mead. Sorghum grain yield responded similarly to were found for number of panicles per square meter via kernel weight for sorghum grain yield, which was single irrigation at either the boot or mid-grain fill stages, while pearl millet grain yield responded only to the midpositive at Sidney and negative at Mead. For pearl millet, indirect effects for grain yield were found only for grain fill irrigation. Pearl millet grain yield increase to multiple irrigations kernels per panicle via kernel weight at Sidney, similar to results of Ong and Monteith (1985) .
at Sidney was accompanied by increases in all yield components although the kernel weight increase was Grain yield and yield component response data to location and year differences, correlation of grain yield less than for other yield components, but at Mead, it was accompanied only with an increase in the number of and yield components, and path analysis indicate a similar grain yield response of both crops to different stress kernels panicles Ϫ1 (Tables 3 and 4 ). In contrast, sorghum grain yield increase to multiple irrigations at both locaconditions although grain sorghum responded better to improved growing conditions than was true for pearl tions was accompanied by increases in all yield components, with the increase in number of kernels per panicle millet. It is clear that yield component panicles per square meter and kernels per panicle responses to locabeing less than other yield components at Sidney. Single irrigations had little effect on pearl millet yield tion and year were generally reversed for both crops. More panicles per square meter for grain sorghum and components at Mead (Table 4) . In contrast at Sidney, a single irrigation at the boot increased the number of kernels per panicle for pearl millet were found in 2001 than in 2000, while more kernels per panicle were found panicles per square meter and kernels panicle, and single irrigation at mid-grain fill increased all yield components for grain sorghum and more panicles per square meter for pearl millet at Sidney as compared with Mead. In (Table 4) . For grain sorghum, a single irrigation at boot increased the number of grain sorghum panicles per contrast, the response of kernel weight was generally
